Objectives: For patients with femoral neck fractures, total hip arthroplasty (THA) demonstrates superior outcomes compared with hemiarthroplasty. However, hemiarthroplasty remains a common treatment for femoral neck fractures and the conversion rates are unknown. We compared the results of the 2 procedures using a Medicare database.
M ultiple randomized controlled trials 1 have demonstrated that total hip arthroplasty (THA) for treatment of displaced femoral neck fractures results in superior functional outcomes over hemiarthroplasty. [2] [3] [4] Previous studies have shown, however, that hemiarthroplasty (partial hip replacement) is the most common procedure used to treat femoral neck fractures in the United States. 5 The popularity of hemiarthroplasty may be related to higher risk of dislocation and higher mortality 2 seen in THA for femoral neck fracture compared with primary THA. 3 Although a hemiarthroplasty may be later converted to a THA, this is an additional surgery and not without risk of complications. 6 Given the low event rates for dislocation and reoperation, a large sample of patients is needed to compare the outcomes of arthroplasty for femoral neck fractures and control for differences in patient characteristics. We used a sample of US Medicare beneficiaries to study the utilization of hemiarthroplasty and THA and investigate the choice of procedure on the outcomes and mortality. We hypothesized that THA would have fewer reoperations than hemiarthroplasty.
METHODS
We used the ENCLAVE system of the Center for Medicare and Medicaid Services, which has access to 100% of the Medicare beneficiaries in the United States (see Figure, Supplemental Digital Content 1, http://links.lww.com/BOT/A918). The data set was queried to generate a list of Medicare beneficiaries who were using fee-for-service during the observation period (2008-2012), underwent total arthroplasty or hemiarthroplasty after femoral neck fracture, at the age between 65 and 90 years, and had minimum 2 years of follow-up in the database (except patients who died). We used proportional hazard models of survival analysis to study the hazard of having a conversion, revision, dislocation, or death, whichever occurred first, comparing the 2 groups who underwent either THA or hemiarthroplasty. Proportional hazard models control for differences in age or other covariates between the groups by producing adjusted hazard ratios.
Principal ICD9 codes were used to identify beneficiaries with femoral neck fractures, and THA and hemiarthroplasty were identified using Current Procedure Terminology (CPT) codes 27130 and 27236 from physician claims files. Conversion from hemiarthroplasty to total arthroplasty (CPT code 27132) and revision of total arthroplasty (CPT 27134, 27137, or 27138) were treated as complications after hemiarthroplasty and THA, respectively. Other outcomes included death and dislocation. Dislocation was identified by the CPT code for closed reduction (CPT 27266). We were not able to measure periprosthetic fractures.
The covariates used for adjusted survival analysis included sex, age, race, and comorbidity index. Age was determined at the index date, and race was classified as White, Black, or other. All the nondemographic variables were determined during the 12 months before the index date. Comorbidity index was developed using Gagne et al. 2011. 7 Linearity and proportionality of hazard functions were tested using Martingale and Schoenfeld residuals, respectively. All analyses were conducted using SAS Enterprise Guide 4.3 with SAS 9.2 (SAS Institute, Inc., Cary, NC) at a = 0.05 significance level. We also performed a subanalysis of patients age 75-84 and a comorbidity index of 1 or 2.
This study was reviewed and approved by Center for Medicare and Medicaid Services and the Institutional Review Board of National Institutes of Health.
RESULTS
The final cohort consisted of 70,242 patients who were treated with arthroplasty for a diagnosis of femoral neck fracture ( Table 1 ). The mean age was 81.3 years (standard deviation 6.4 years). The vast majority (95%) of patients treated with arthroplasty for femoral neck fracture underwent hemiarthroplasty. Patients who underwent THA tended to be younger (P , 0.001), and have fewer comorbid conditions (P , 0.001). We observed a borderline trend toward THA patients being more likely to be white (P = 0.06) and male (P = 0.06) but the actually percentage differences were small and less that 1.5%.
Two year mortality incidence after femoral neck fracture for the entire cohort was 39%. After adjusting for age, sex, and comorbidity index in the proportional hazards model, the group treated with THA had a lower mortality (Fig. 1) . Patients treated with THA were 1.67 times more likely to be alive at 2 years [95% confidence interval (CI): 1.59-1.92].
The unadjusted incidence of patients undergoing conversion from hemiarthroplasty within 2 years was 2.0%. We noted that the patients undergoing conversion tended be younger and more likely to be white (P , 0.001). Patients undergoing hemiarthroplasty had a lower rate of reoperation than patients undergoing THA (Fig. 2, P , 0.0001) .
The rate of dislocation after hemiarthroplasty within 2 years was 1.5%, and the rate of dislocation after THA was 2.9%. The hazard of dislocation was significantly higher after THA (hazard ratio 2.02, 95% CI: 1.62-2.52). Most dislocations occurred with 50 days after surgery (Fig. 3) .
Reoperation was more common in the THA group than the hemiarthroplasty group (hazard ratio 2.11, 95% CI: 1.77-2.52). At 2 years, 4.5% of the THA group had undergone revision arthroplasty, whereas only 1.6% of the hemiarthroplasty group had undergone reoperation (P , 0.0001). The ICD9 code for cause of revision was rarely coded beyond "mechanical complication of orthopaedic device."
When we subset the sample to those with age 75-84 and comorbidity scores in 1 or 2, we got a much smaller group (n = 15,377) with comparable distribution in terms of age and comorbidities (P , 0.6). The results were similar: the 2-year mortality hazard ration comparing those treated with hemiarthroplasty with those with THA was 1.89 (95% CI: 1.55-2.29). As for dislocation, the hazard ratio comparing THA to hemiarthroplasty was 2.19 (95% CI: 1.40-3.41), whereas that for reoperation is 2.12 (95% CI: 1.48-3.03).
Comparing the older (age .70) subgroup to the younger (age 65-69) subgroup, we found that older patients had a higher one-year mortality (hazard ratio: 1.87, 95% CI: 1.82-2.13), but a lower revision rate (0.56, 95% CI: 0.47-0.66) and lower dislocation rate (0.80, 95% CI: 0.63-0.99) than younger patients. The demographics of the hemiarthroplasty and total hip arthroplasty cohorts are shown. Patients with femoral neck fractures who received THA were younger and had fewer comorbid conditions. 
DISCUSSION
Our study of a large Medicare database shows that most femoral neck fractures are treated with hemiarthroplasty, and that reoperations were significantly lower in the hemiarthroplasty group compared with the total hip group.
Randomized prospective studies have shown that THA for femoral neck fractures results in the best functional outcome. [2] [3] [4] Our study indicates that the vast majority of patients in the United States are treated with hemiarthroplasty. Given that the prevalence of cognitive impairment in the hip fracture population is approximately 34%, and 82% or more are community ambulators, it would seem that THA is underutilized it the United States.
Helping patients choose between THA and hemiarthroplasty after a femoral neck fracture is difficult. The surgeon is often meeting the patient for the first time. There is some urgency to the surgery, because patients are in pain and outcomes are improved when surgery is performed without excessive delay. 8 Finally, there is no opportunity for the preoperative education on dislocation prevention.
Our study provides some useful information to aid patients and their surgeons in making the decision. Although total hip results in the best functional outcome, hemiarthroplasty has a low complication rate: at 2 years, the rate of prosthetic dislocation is less than 2% and the rate of conversion to total hip replacement is less than 2%. Also, the 5% utilization rate of THA is helpful for benchmarking in large care delivery systems.
The main drawback to performing THA for femoral neck fractures is the risk of dislocation. 9 Although THA patients had a higher hazard of dislocation than hemiarthroplasty, the cumulative incidence of dislocation at 2 years was 2.9%. We did note a fairly high incidence of revision in the THA group at 2 years (7%). This may be related to the poor bone quality seen in this patient population or surgeon experience and deserves further study; our current data set precludes analysis by surgeon volume.
We observed a significantly decreased proportional hazard of mortality in the group who underwent THA, even after accounting for age and comorbidities. Other researchers have noticed total joint replacement to be associated with improved survival, 10 and it is likely related to selection bias. The patients who undergo THA after femoral neck fracture likely have some unmeasured factor (such as cognitive function or preinjury activity level) which is not fully measured in a comorbidity index. However, one cannot rule out the possibility that the improved function of a total hip allows improved mobility and function, which then decreases medical complications. One randomized study of femoral neck fractures found lower mortality at the 7-year follow-up in the group randomized to total hip replacement. 2 Our study has a number of limitations. First, the Medicare data set may be large, but it is purely administrative data without any clinical information about patient functional status or demands. A large part of the hemiarthroplasty cohort may be unhappy with their hip function but unwilling to undergo reoperation. Second, because relatively few patients underwent THA, our ability to assess that group is limited. However, our large sample sizes leads to narrow CIs for the main outcome, reoperation. Third, we chose to measure outcome at the first event (dislocation or reoperation). Some patients may have had a dislocation followed by a reoperation, so our estimate of the revision rate likely underestimates the revision rate. If 100% of the patients who sustained a dislocation underwent revision, the revision rate for THA would go up by 2% points. Finally, we did not have any functional outcome data in this database. Functional outcome data would be strongly helpful in guiding the decision making.
In summary, we found that THA was used less often than hemiarthroplasty, and was associated with higher incidence of revision but lower mortality over 2 years. While THA remains the procedure of choice for healthier patients 
